Gypsiferous and saline soils are among the major soils of arid and semi-arid regions of the world. Although numerous studies on salic, gypsic and petrogypsic horizons have been carried out, the co-occurrence of gypsum and halite and their morphological expression are still poorly documented. Eight pedons located on a co-alluvial fan (Bam area, southeast Iran) were described, sampled and analyzed for physicochemical and micromorphological characteristics based on standard methods. The highest amounts of gypsum (≈ 60 %) comprising xenotopic gypsum and/or fibrous bassanite pseudomorph remaining behind after xenotopic gypsum dehydration were determined in the surface crust and in the underlying 2Byz horizon. At a depth of 15 cm, a horizon cemented by gypsum and halite was observed. The highest amount of gypsum was determined at the upper part of this horizon followed by a sharp decreasing trend towards the lower depth. The amount of halite increases with increasing depth towards the bottom of 3Byzm horizon. Deeper, in the 5Byz horizon the quantity of gypsum increases drastically and coarse elongated gypsum pendants dominate. Micromorphological observations demonstrate that the dominant cementing agent is halite rather than gypsum. However, due to inexistence of petrosalic diagnostic horizon in Keys to Soil Taxonomy, these soils are to be classified as Petrogypsic Haplosalids at subgroup level in Soil Taxonomy. In WRB Taxonomy, they are classified as Petrosalic Solonchaks. Co-occurrence of gypsum and halite in the same horizon, their specific layering and vertical distribution patterns in the studied pedons might be considered as indicators for polygenetic soils in this area.
Introduction
Among the countries in arid and semiarid regions, Iran seems to have the largest area of gypsiferous soils in world, covering about 27 to 28 Mha (Mahmoodi, 1994 , Farpoor et al., 2004 . Saline soils comprise around 16 to 23 Mha of arable lands in Iran (Siadat et al., 1997) . As the accumulation of soluble salts in soil causes a sever decrease in soil quality, the study of the processes involved in salinization is essential for sustainable soil management (Farifteh et al., 2006) .
The factors and processes that determine the distribution and morphology of soluble minerals in these environments are poorly understood (Mees, 2003) .
Distribution of gypsum and/or halite-bearing soils
is controlled by the geology of the parent materials (Eswaran and Zi-Tong, 1991) and/or mechanisms that introduce the required cations or anions (Buck et al., 2002; Herrero and Porta, 2000) , such as a changing groundwater level (Mees, 2003) . Distribution of gypsum and soluble salts within the profile depends on the prevailing climatic conditions. While in more arid climates ascending water is the dominant process and gypsum and soluble salts accumulation occur in the surface horizon, the descending process prevails in semiarid climates and accumulation occurs in the subsurface horizons (Dultz and Kühn, 2005) . Owliaie et al. (2006) concluded that micromorphological observations and SEM analyses can help investigators as a useful tool to show variable habits of gypsum crystals in different physiographic units which demonstrate dynamic soil formation environment. Hashemi et al. (2011) suggested that the amount of gypsum accumulation in their study area was depended on soil moisture regimes rather than soil temperature regimes. They also concluded that micromorphology of gypsum crystals varies at different moisture regimes. Interlocked plates, acicular, fibrous, prismatic and blade forms in arid zones and lenticular gypsum in semiarid zones are dominant; however, in the subsoil, clusters of lenticular, rod like, and tabular shapes observed. Under hot and dry conditions, due to more evaporation and capillary rise vertically arranged columnar, cubic, and needle shapes of gypsum were dominant. Toomanian et al. (2001) Due to insufficient data on gypseous soils distributed in different environments around the world their classification process is very problematic.
Coexistence high amounts of salts more soluble with gypsum especially as a cementing agent in soil horizons may cause strengthening the problem. A correct classification of gypsiferous soils commonly will require a careful morphological observation in order to identify the secondary gypsum accumulations (Florea and Al-Joumaa, 1998) . According to Soil Survey Staff Figure 1A ). Figure 1B, (Banaei, 1998) . Except for a cover of Salsola species, limited to the narrow seasonal river beds 
Materials and methods

The studied area
Field and laboratory methods
Eight pedons, were randomly selected in a coalluvial physiographic unit and described according to USDA-NRCS (2002) 
Results
Macro-morphology
Pedon 2 was taken as representative profile for description of macromorphological characteristics of the studied pedons. Abrupt changes in amount, shape, size and lithology of gravels in the horizons of the studied pedons (Table 1) Figure 2B ). At a depth of about 15 cm, a very hard cemented horizon (3Byzm), more than 20 cm thick, starts that cannot be dug by spade and only hardly broken by hammer (Figure 2A .b). Dry fragments (> 10 cm diameter) slake when submerged for 24 h in water. Dry soil consistence decreases within the 4Byz1 horizon, due to a remarkable decrease in gypsum ( Table 2 ). The gypsum content increases again and rather long 0.5-3 cm gypsum pendants appear beneath the gravels within the 5Byz2 horizon (Figure 2A .c).
This horizon gradually merges into a massive and clayey horizon with very few gypsum crystals, which extends down to about 120-130 cm depth. Beneath this a very hard, massive sedimentarylayer withvery fine texture occurs. In the underlying horizons, no halite is observed in thin sections. At a depth of about 80-88 cm (5Byz) the amount of gypsum increases considerably, occurring as pendants of lath shaped crystals oriented perpendicularly to the lower side of the gravels (Figures 2c and 8) .
Physico-chemical properties
In some cases pendants of neighbouring gravels tend to melt together, forming "link pendants". In some cases this may give the impression of a gypsum vein. 
Discussion
The distinct and unique characteristic properties of these soils are the bimodal vertical distribution of gypsum, and the close combination of gypsum and halite.
The first and highest concentration of gypsum occurs in the 2Byz horizon near the surface. Deeper, the gypsum concentration gradually decreases till a second, much smaller, maximum in most 5Byz horizons. The halite maxima are always situated below the gypsum concentrations, pointing to an accumulation per descendum, as halite is more soluble than gypsum.
The coarse xenotopic gypsum fabric ( Figure   3 ), that can only form in deeper layers (Poch et al., 2010) , of most 2Byz horizons, and the very thin Micromorphological evidences (coarse xenotopic gypsum) shows that this horizon was formed in depth.
In a later, more arid phase, part of the A horizon must have been removed by aeolian activity, as proven by the desert pavement. In some pedons the fine grained gypsum in the 2Byz points to a formation or recrystallisation near the surface after truncation.
Based on geological and biological evidences, the climate change in Iran is documented (Mahmoudi, 1987; Krinsley, 1970; Khademi, et al. 1997, Khademi and Mermut, 2003; Farpoor, et al. 2004) . Most of them believe that during glacial stages climatic conditions were drier and colder than today. Compared to today, an increased rainfall is supposed during the Pleistocene or Lower Holocene wet phases (Kehl, 2009 ). For our study area, no similar information is available, and further dating studies are needed.
Implications for soil classification
Based Although the amount of soluble salts as cementing agent in these horizons is comparable to that of gypsum, and the fact that this huge concentration of salt never can be dissolved in present dry climate (< 100 mm precipitation), it has to be considered as a petrogypsic horizon in Soil Survey Staff (1999) as a petrosalic horizon is inexistent in this classification.
Therefore, we have considered it as a petrogypsic/salic horizon in our classification procedure. Finally, the type and depth of the recognized diagnostic horizon together with the aridic soil moisture regime (Banaei, 1998) have lead us to classify these soils as fine loamy, systems. Regarding the diagnostic saliferous-gypsiferous horizon in these soils, this study illustrates that it is necessary to include micromorphological characteristics of the petrogypsic horizon in its definition in Soil Taxonomy (i.e. like argillic horizon) as it is also recommended by Herrero (2004) . The distribution pattern of gypsum in petrogypsic horizon with low gypsum content should be indicated, as the cementing agent is not dominantly gypsum.
Conclusions
The sequence of horizons, along with the physico- It is suggested that the micromorphological properties of this type of petrogypsic horizon in which not only gypsum, but halite is the main cementing agent, should be included in the classification requirements.
